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Objectives The goal of this study was to assess the concordance between the American College of Cardiology (ACC) and the
American Heart Association (AHA) 2004 Guideline Update for Coronary Artery Bypass Graft Surgery and actual
clinical practice.
Background There is substantial geographic variability in the population-based rates of coronary artery bypass graft (CABG)
procedures, and in recent years, there have been several public concerns about unnecessary cardiac care. The
actual rate of inappropriate cardiac procedures is unknown.
Methods We evaluated 4,684 consecutive isolated coronary artery bypass graft procedures performed in 2004 and 2005
in northern New England. Our regional registry data were used to categorize patients into clinical subgroups. De-
tailed clinical criteria were then used to categorize procedures within these subgroups as class I (useful and ef-
fective), class IIa (evidence favors usefulness), class IIb (evidence less well established), and class III (not useful
or effective).
Results Among these 4,684 procedures, we were able to classify 99.6% (n  4,665). The majority of procedures were
class I (87.7%). Class II procedures totaled 10.9%. The remaining 1.4% of procedures were class III.
Conclusions In this regional study, we found that 98.6% of CABG procedures that could be classified were considered to
be appropriate. In these data, actual clinical practice closely follows the recommendations of the 2004
ACC/AHA guidelines for CABG surgery. (J Am Coll Cardiol 2008;51:2323–8) © 2008 by the American
College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2008.01.067e
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(ince it was first described by Favaloro (1) and Garrett et al.
2), coronary artery bypass graft (CABG) surgery has
ecome one of the most commonly performed and closely
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outh, New Hampshire; and the  Department of Cardiothoracic Surgery, Central
aine Medical Center, Lewiston, Maine. Funded by the Northern New England
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Manuscript received November 2, 2007; revised manuscript received January 11,
008, accepted January 21, 2008.xamined major surgical procedure. In 2003, it was esti-
ated that there were 348,218 CABG procedures per-
ormed in the U.S. (3). Among Medicare enrollees, there is
ore than 5-fold variability in the population-based rates of
ABG procedures and this has raised concerns about the
nappropriate use of this procedure (4). In recent years, there
ave been several public accusations of unnecessary cardiac
are (5–7). These have originated from a variety of sources
ncluding patient complaints, insurance company concerns,
nd medical staff actions. The actual rate of inappropriate
ardiac surgery is unknown, but it can be assessed by a
etailed comparison of actual clinical practice to the profes-
ional guidelines.
Evidence-based guidelines for CABG surgery have been
vailable for many years. In 1972, Wright and Frederickson
8) edited a report on the minimum resources required to
erform cardiac surgery safely. In 1980, the American
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Appropriateness of CABG Surgery June 17, 2008:2323–8College of Cardiology (ACC)
and the American Heart Associ-
ation (AHA) established the
Task Force on Assessment of
Diagnostic and Therapeutic
Cardiovascular Procedures. In
1991, Kirklin chaired a joint
committee to develop guidelines
and indications for CABG sur-
gical procedure (9). These guide-
lines were substantially updated
in 1999 by a committee co-
haired by Eagle and Guyton (10) and were updated again
n 2004 (11). The application of the ACC/AHA guidelines
o current clinical care has not been assessed.
The Northern New England Cardiovascular Disease
tudy Group (NNECDSG) is a voluntary research consor-
ium composed of clinicians, scientists, and hospital admin-
strators. The intent of the group is to foster continuous
mprovement in the quality of cardiovascular disease care
hrough the sharing of process and outcome data. The
NECDSG includes all 8 cardiac surgery programs in
aine, New Hampshire, and Vermont. Each center con-
ributes data on every case. These data provide an opportu-
ity to assess the concordance between the guidelines and
ctual clinical care.
ethods
ata collection. This database includes 4,684 consecutive
ases of isolated CABG procedures performed in 2004 and
005. All data were validated using the Uniform Hospital
ischarge Data Set, and any discordance was settled by
eview of the medical records. The capture rate of proce-
ures through 2004 and 2005 was assessed by comparing
orms submitted to the CABG registry against administra-
ive discharge records supplied by the participating medical
enters. The capture rate was initially 96.9%. Missing
ecords were obtained from each center to ensure 100%
apture. This analysis of concordance between the ACC/
HA 2004 Guideline Update for Coronary Artery Bypass
raft Surgery (11) and the actual care provided included
nly patients undergoing CABG surgical procedure. We do
ot collect data on patients who are eligible for a CABG
rocedure but did not receive it.
oding of clinical subgroups. Registry data elements were
sed to assign patients to a clinical subgroup as described in
he ACC/AHA guidelines for CABG surgery (summarized
n Fig. 1). The row labels identify the clinical subgroups.
hese include CABG after failed percutaneous transluminal
oronary angioplasty (PTCA), ST-segment elevation myo-
ardial infarction, patients with previous CABG, patients
ith poor left ventricular function, unstable angina/non–
T-segment elevation myocardial infarction, asymptomatic
r mild angina, and stable angina. Because the NNECDS
Abbreviations
and Acronyms
ACC  American College of
Cardiology
AHA  American Heart
Association
CABG  coronary artery
bypass graft
PTCA  percutaneous
transluminal coronary
angioplastyroup CABG registry does not collect information regard- ing life-threatening ventricular arrhythmias, it was not
ossible to include that clinical subgroup in these analyses.
n our experience, this is a rare indication for CABG
urgery. In a study of indications for CABG procedures
erformed in New York, life-threatening ventricular ar-
hythmia was the indication in less than 1% of cases (12).
he column entries describe the criteria for the appropri-
teness classes.
All 4,684 patients were assigned to a clinical subgroup.
he clinical subgroups as described in the guidelines are not
utually exclusive. It was possible for patients to fall into
ore than 1 group. For example, prior CABG procedure or
ailed PTCA may coexist with any of the other clinical
ubgroups. In order to calculate the appropriateness classes,
t was necessary to assign patients to a single clinical
ubgroup. In this analysis, 71.0% of patients were coded into
group, 23.6% into 2 groups, 4.7% into 3 groups, and 0.7%
nto 4 groups. If a patient was included in more than 1
ubgroup, we assigned that patient to the clinical subgroup
ith the highest mortality risk. The observed in-hospital
ortality rates following CABG procedure were as follows:
table angina (1.0%), asymptomatic or mild angina (1.7%),
nstable angina/non–ST-segment elevation myocardial in-
arction (2.4%), poor left ventricular function (3.8%), with
revious CABG (4.2%), ST-segment elevation myocardial
nfarction (6.7%), and failed PTCA (10.7%). Within each
linical subgroup, patients were placed into class I (useful
nd effective), IIa (evidence favors the procedure), IIb
evidence less well established), or III (not useful and may
e harmful) by following the specific text of the guidelines
s closely as possible.
oding of appropriateness classes. The criteria for cod-
ng appropriateness are summarized in Figure 1. Most
atients were classified easily based on readily available
linical data on coronary anatomy, left ventricular func-
ion, and the presence of angina. Some patients were
ore difficult to classify. For example, the guidelines
onsider patients in the poor left ventricular function
roup as class III if they are “without evidence of
ntermittent ischemia and without evidence of significant
evascularizable viable myocardium.”
In this study, patients in the poor left ventricular function
roup were coded as class III by registry data if they did not
ave: 1) left main disease; 2) proximal left anterior descend-
ng artery and circumflex disease; or 3) proximal left anterior
escending artery with 2- or 3-vessel disease and who also
acked objective evidence of ischemia. Evidence of ischemia
as defined by the results of exercise treadmill testing,
uclear imaging, stress echocardiography, or the presence of
nstable angina treated with intravenous nitroglycerin. The
ssue of whether or not the myocardium was “revasculariz-
ble” cannot be assessed easily in the clinical setting or in
hese data. Individual surgeons must decide whether or not
he target lesion can be bypassed.
The class III indications for the stable angina group
nclude: “1. One- or 2-vessel disease not involving
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June 17, 2008:2323–8 Appropriateness of CABG Surgeryignificant proximal LAD stenosis, patients who have
ild symptoms that are unlikely to be due to myocardial
schemia or patients who have not received an adequate
rial of medical therapy and (a) have only a small area of
iable myocardium or (b) have no demonstrable ischemia
n noninvasive testing; 2. Borderline coronary stenoses
50% to 60% diameter in locations other than the left
ain coronary artery) and no demonstrable ischemia on
oninvasive testing; 3. Insignificant coronary stenosis
50% diameter reduction)” (11).
When data for key elements of the guidelines were
issing, we made no assumptions about the missing data
nd those patients remained unclassified unless they were
oded into a class by other criteria. No patient was placed in
lass III because of missing data.
tatistical methods. Standard statistical methods were
sed for the calculation of rates and proportions and the
hi-square test (13). A nonparametric test of trend
cross ordered groups was used to identify any significant
rend in proportion of class III patients across age groups
Figure 1 2004 ACC/AHA Indications for Isolated CABG Surger
Directions for using the tool: 1) Place patient in highest clinical subgroup that des
IIb, or III. ACC  American College of Cardiology; AHA  American Heart Associati
descending; LBBB  left bundle branch block; LM  left main; LV  left ventricula
mal; PTCA  percutaneous transluminal coronary angioplasty; STEMI  ST-segme
3VD  3-vessel disease. Data from Eagle et al. (11).14). Statistical significance was defined as a 2-tailed pvalue 0.05. All analyses were performed using the
TATA statistical program (Version 6.0, StataCorp,
ollege Station, Texas).
esults
ppropriateness of CABG procedure. Of the 4,684 pa-
ients, we were able to classify 99.6%; 19 (0.4%) could not
e unambiguously classified. Largely, these patients could
ot be placed into appropriateness classes because of missing
ata on the details of coronary anatomy or on left ventricular
jection fraction. The remaining 4,665 patients were
rouped into appropriateness classes: 87.7% were class I,
0.9% were class II (class IIa 8.4% and class IIb 2.5%),
nd 1.4% were class III (Fig. 2, Table 1). Thus, of the 4,665
ABG procedures, 4,598 (98.6%) were classified as “appro-
riate” according to the ACC/AHA guidelines for CABG
urgery.
Table 1 and Figure 3 describe the appropriateness of
ABG surgical procedure by clinical subgroup. Among 56
assification Tool
the indication. 2) Within the selected subgroup, evaluate patient for class I, IIa,
BG  coronary artery bypass graft; EF  ejection fraction; LAD  left anterior
 myocardial infarction; PCI  percutaneous coronary intervention; Prox. proxi-
ation myocardial infarction; 1VD  1-vessel disease; 2VD  2-vessel disease;y—Cl
cribes
on; CA
r; MI
nt elevatients in the clinical subgroup CABG procedure follow-
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Appropriateness of CABG Surgery June 17, 2008:2323–8ng a failed PTCA, 98.2% were class I and 1.8% were class
II. Class II indications for CABG following a failed PTCA
re for infrequent clinical situations, that is, a foreign body
n a crucial anatomic position or hemodynamic compromise
ith significant impairment of the coagulation system.
mong the 233 patients in the ST-segment elevation
yocardial infarction subgroup, 99.6% were class I, 0.4%
lass IIA, and none in class III (there are no described
riteria for class IIb). There were 166 patients in the clinical
ubgroup defined by previous CABG procedure. Among
hese, 85.5% were class I, 11.5% were class IIa (no class IIb
riteria), and 3.0% were class III. Poor left ventricular
unction was a frequent clinical subgroup for CABG pro-
edure. Among these 874 patients, 71.2% were class I,
3.8% were class IIa, and 5.0% were class III. There is no
lass IIb indication within this clinical subgroup. Unstable
ngina/non–ST-segment elevation myocardial infarction
as the most frequent clinical subgroup for CABG proce-
ure. Of these 2,294 patients, 93.9% were class I and 6.1%
ere class II (class IIa  3.0% and class IIb  3.1%). There
ere no class III patients. There were 236 patients with
symptomatic or mild angina as the clinical subgroup for
ABG procedure. Among these patients, 77.5% were class
, 22.4% were class II (class IIa  2.5% and class IIb 
9.9%), and there were no class III patients. Stable angina
as a relatively frequent clinical subgroup for CABG
rocedure. Of these 806 patients, 87.1% were class I, 10.8%
ere class IIa, and 2.1% were class III. There is no class IIb
ategory for this clinical subgroup.
ppropriateness by patient sex and age. The distribution
f appropriateness classes for men and women are virtually
dentical (class I men 87.5%, women 88.2%; class II men
1.2%, women 10.0%; class III men 1.3%, women 1.9%).
here was no statistical difference in the distributions
chi-square test with 2 degrees of freedome  3.32, p 
.190). The appropriateness classes by patient age at surgery
howed no significant association between age and class III
87.7
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Figure 2 ACC/AHA Indications for CABG
Patients were classified using the 2004
ACC/AHA guidelines. Abbreviations as in Figure 1.ates (p trend 0.865). There was a trend, however, toward
a
tore class I and fewer class II indicators with increasing age
p trend 0.001).
linical subgroup analysis of class III patients. Of 4,684
atients, 67 were class III. Figure 4 shows the distribution
f these patients by clinical subgroups. Patients with poor
eft ventricular function (65.7% of class III) or stable angina
25.4% of class III) totaled 91% of class III patients. The
emaining 9% had either a previous CABG procedure
7.5%) or CABG after a failed PTCA (1.5%).
iscussion
e assessed the concordance between the 2004 ACC/
HA Guideline Update for Coronary Artery Bypass Graft
urgery (11) and actual clinical practice in northern New
ngland. Detailed clinical criteria were used to categorize
,684 isolated CABG procedures performed in 2004 and
005. The majority of procedures were class I (87.7%). Class
I procedures totaled 10.9%, 8.4% were class IIa and 2.5%
ere class IIb. The remaining 1.4% were class III proce-
ures. Only 19 procedures could not be classified. In these
egional data, actual clinical practice closely followed the
ecommendations of the 2004 ACC/AHA guidelines for
ABG surgery (11).
There were some limitations to these analyses and
ikely some misclassification of patients. The concor-
ance between our regional registry data and the variables
equired by the ACC/AHA guidelines for CABG sur-
ery was good, but it was not perfect. We were able to
lassify 99.6% of patients to both a clinical subgroup and
o an appropriateness class. The primary reason for being
nable to classify a patient was missing data on details of
CC/AHA Indications by Clinical Subgroup
Table 1 ACC/AHA Indications by Clinical Subgroup
Indication
Clinical
Subgroup n*
Class I
(%)
Class IIa
(%)
Class IIb
(%)
Class III
(%)
CABG after failed
PTCA
56 98.2 0.0 0.0 1.8
ST-segment
elevation MI
233 99.6 0.4 † 0.0
Patients with
previous CABG
procedure
166 85.5 11.5 † 3.0
Patients with
poor LV
function
874 71.2 23.8 † 5.0
Unstable angina/
non–ST-
segment
elevation MI
2,294 93.9 3.0 3.1 0.0
Asymptomatic or
mild angina
236 77.5 2.5 19.9 0.0
Stable angina 806 87.1 10.8 † 2.1
All 4,665 87.7 8.4 2.5 1.4
Patients who could not be classified (n  19) are excluded from this table. †There are no
ndications for this class within this clinical subgroup.
ACC  American College of Cardiology; AHA  American Heart Association; CABG  coronary
rtery bypass graft; LV  left ventricular; MI  myocardial infarction; PTCA  percutaneous
ransluminal coronary angioplasty.
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June 17, 2008:2323–8 Appropriateness of CABG Surgeryoronary anatomy or measurement of left ventricular
unction. Some variables included in the ACC/AHA
uidelines for CABG surgery, such as “quantity of viable
yocardium” and “impairment of the coagulation sys-
em,” are difficult to interpret and further clarification
rom the committee would be helpful. Overall, we felt
hat the ACC/AHA guidelines for CABG surgery in-
luded variables that were clinically relevant and the
pplication of the guidelines was straightforward.
There have been several other studies of the appropriate-
ess of CABG surgical procedure. In the mid-1980s,
nvestigators associated with the RAND Corporation and
he University of California at Los Angeles developed
elphi panel-based CABG guidelines (12). These guide-
ines were applied in New York (15), at 3 hospitals in an
nidentified western state (12), at academic medical centers
0
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Failed PTCA STEMI Previous CABG
Class I Class
Figure 3 ACC/AHA Indications by Clinical Subgroup
Patients were classified using the 2004 ACC/AHA guidelines. Asymp  asymptom
function; NSTEMI  non–ST-segment elevation myocardial infarction; UA  unstab
Failed PTCA
1.5% Previous CABG
7.5%
Poor LV function
65.7%
Stable angina
 25.4%
Figure 4 Proportion of Class III Patients
by Clinical Subgroup (N  67)
Chart shows the proportion of class III
patients in each subgroup. Abbreviations as in Figure 1.i16), and were used to compare cardiovascular care in
anada and New York (17). The RAND investigators
ound that inappropriate CABG surgery varied from 1.6%
t academic medical centers to 14% in the 3 hospitals in 1
estern state. Leape et al. (18) randomly selected a group of
76 patients who had CABG procedures in 1991 or 1992.
heir medical records were reviewed by the staff of the
rofessional review organizations and a computerized algo-
ithm was used to code the appropriateness class based on
he ACC/AHA 1991 Guidelines for Coronary Artery
ypass Graft Surgery (9). They assessed 1.5% of patients to
e class III.
This study showed no obvious or statistically significant
ifference in the appropriateness of cardiac surgery of men
nd women. Ayanian and Epstein (19) used 1987 data
bstracted from 49,623 patients discharged from Massachu-
etts hospitals and 33,159 patients discharged from Mary-
and hospitals to study the rates of coronary angiography
nd CABG procedures. After adjusting for important pa-
ient and disease characteristics, they found that women
eceived significantly less coronary angiography than men.
hese data did not allow them to study the appropriateness
f angiography or CABG procedures. Bernstein et al. (20)
sed retrospective chart review to study the use of cardio-
ascular procedures among 3,979 patients receiving care
uring 1990 in 30 New York hospitals. They used the
AND appropriateness score to evaluate the appropriate-
ess of coronary angiography, PTCA, and CABG proce-
ures and compared men and women. The rate of CABG
rocedures judged to be inappropriate was 2% among men
nd 3% among women. The current study is in agreement
ith that of Bernstein et al. (20). If there is a gender-related
ifference it must occur before the decision to perform
ardiac surgery.
Our study of class III patients suggests opportunities for
V func. UA/NSTEMI Asymp/mild angina Stable angina
Class IIb Class III
V func.  left ventricular
ina; other abbreviations as in Figure 1.Poor L
 IIa
atic; L
le angmproving clinical decision making. Sixty-six percent of the
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Appropriateness of CABG Surgery June 17, 2008:2323–8lass III patients had poor left ventricular function. Coro-
ary artery surgery in these patients should be conditional
n establishing the ischemic origin of the cardiomyopathy
nd the presence of sufficient viable myocardium for suc-
essful revascularization to improve pump function.
hallium-201 rest redistribution imaging, positron emis-
ion tomography, and dobutamine stress echocardiography
ave all been shown to be good tests for assessing regional
yocardial viability (21). Information from these studies
hould be available when making decisions for patients with
epressed ejection fractions. Another group of class III
atients were those with stable angina. For these patients,
he clinical issue, beyond establishing their coronary anat-
my, is proving that the symptoms are due to ischemia from
ow-limiting coronary lesions and that these symptoms are
ot adequately controlled with a reasonable medical regi-
en. These patients require stress testing to establish the
schemic origin of their pain. When coronary lesions of
uestionable significance are identified at catheterization,
ome physiologic assessment of their significance, with a
ressure or Doppler wire, would be helpful.
In this study, we used data from consecutive cases from a
alidated regional registry to assess the appropriateness of
ABG procedures based on the 2004 guidelines for CABG
urgery (11). This was informative and demonstrated that
linical care closely followed the current ACC/AHA guide-
ines for CABG surgery. These analyses also identified
ubgroups of patients (those with poor left ventricular or
ith stable angina) that are more likely to be class III. This
ould lead to improved decision making for these patients.
owever, the real utility of the treatment guidelines lies in
heir prospective use. We have summarized the appropri-
teness section of the AHA/ACC 2004 Guideline Update
or Coronary Artery Bypass Graft Surgery (Fig. 1). With
his tool, it takes only a few minutes to place a patient into
 clinical subgroup and to assign an appropriateness class.
vidence-based medicine mandates the constant examina-
ion of the appropriateness of invasive procedures. Physi-
ians can and should lead this effort. No one else is as well
uited to be a patient’s advocate. The ACC/AHA guide-
ines for CABG surgery can play an important role in this
ask. The guidelines provide a synthesis of the current
vidence of the effectiveness and appropriateness of this
rocedure. The prospective use of the guidelines provides
or documentation of appropriateness of care in the medical
ecord and discussion of the evidence with the patient. In
ur view, the routine use of the guidelines benefits the
atient, the physician, and the hospital.
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